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Abstract
The Everglades is a complex ecosystem that supports a vast amount of biodiversity.
Alterations to the Everglades landscape have occurred since the 1880s. These changes include
thousands of kilometers of canals and levee and hundreds of water control structures. The most
significant landscape changes were put into place in 1948 with the Central and Southern Florida
Project. The objective of this project was to provide south Florida with predictable and
controllable flood control and water supply. The alteration of the Everglades and the extensive
urban and agricultural growth caused many negative ecosystem responses. The hydrology of the
Everglades was greatly altered by the changes in sheet flow, fluctuations in water levels, and
higher frequency of large drought. Total P concentrations are now 10-100 times higher than they
were in the natural system due to the urban and agricultural runoff. Cattail has taken over the
land that was once dominated by sawgrass. Wading birds decreased by 90% and geographically
shifted their nesting patterns. Over-farming the once fertile peat-based soil has caused the loss of
more than 2 meters of soil. The Comprehensive Everglades Restoration Program was created to
restore the region's hydrology and reduce nutrient enrichment as much as possible, but social
issues and economic concerns have slowed down the process. The changes made to the
Everglades were necessary to develop the land into the thriving urban area it is today, but these
changes came with many unforeseeable and negative consequences. In order to prevent the
further degradation of the Everglades, we need to push aside the economical and social concerns
and restore the land. A healthy Everglades system is critical in order to environmentally,
economically, and socially thrive.

1. Introduction
1.1. Historical Area
The Everglades is a complex ecosystem that supports a vast amount of biodiversity. It
dominates southern Florida and is the largest expanse of subtropical wilderness in the United
States. The Everglades is a huge freshwater marsh that originates in the Kissimmee River, travels
south through Lake Okeechobee, east through the Loxahatchee and St. Lucie estuaries, west
through Caloosahatchee River Estuary, south to the central Everglades, then into the Florida Bay
and the Gulf of Mexico (DeAngelis et al. 1998; LoSchiavo et al. 2013). What makes this
ecosystem unique is that it occurs in both fresh and brackish water, and temperate and
subtropical biomes. All of these factors together form an ecosystem found nowhere else in the
world (Pearlstine et al. 2010). The Everglades is home to 68 threatened and endangered species
(USFWS 1999). The freshwater marshes of the Everglades are mostly peat-based, which is a soil
that contains a rich amount of partly-decayed organic material and was built up over thousands
of years (Aumen et al. 2015). The major open-water feature of the Everglades ecosystem is Lake
Okeechobee. Lake Okeechobee is a large, shallow lake that is over 1,700 km² and has an average
depth of 3 meters. Prior to the landscape alteration, it mainly received water from the Kissimmee
River along with direct rainfall, and the lake’s surface area was much larger (Havens et al. 1996).
1.2. Abiotic and Biological Factors
The most influential abiotic factor on the Everglades is water. Water in the Everglades
flows from Lake Okeechobee toward the south like a huge slow moving river. Due to how slow
the water moves, local precipitation is usually the greatest influence on water level. It is common
for most of the Everglades to be dry for some portion of the year, though some areas do stay
continuously flooded. Fire, freezing, and severe storms are other abiotic factors that frequently
occur and define the landscape (DeAngelis et al. 1998). The relatively flat topography of
southern Florida and the seasonality of rainfall create a pattern of sheet flow (the downslope
movement of water taking the form of a thin, continuous film over a relatively smooth surface)
across the landscape. Long hydroperiods (the number of days per year an area of land is covered
by water) were often seen in the deep slough areas and shorter hydroperiods were found in the
peripheral wetlands (Fennema et al. 1994).
During flooding, prey species in the shallow marshes are relatively protected from
predators and can reach large numbers. During the dry period, the fish are concentrated into
pools and depressions by the receding waters. The Everglades food web is based on algae and
detritus (Browder et al. 1994). The freshwater marshes of the Everglades are relatively
oligotrophic (not highly productive).

1.3. Changes to the Ecosystem: Human Intervention
Alterations to the Everglades landscape have occurred since the 1880s. These changes
included connecting Lake Okeechobee to the Caloosahatchee River and the St. Lucie River,
construction of low-height levees on the south shore of Lake Okeechobee, and building the
Miami Canal from Lake Okeechobee to Miami (Aumen et al. 2015). A majority of the land was
partitioned into Water Conservation Areas (WCAs) and the Everglades Agricultural Area. The
most significant landscape changes were put into place in 1948 with the Central and Southern
Florida (C&SF) Project. The objective of this project was to provide south Florida with
predictable and controllable flood control and water supply. The project was constructed between
the 1950s to the 1970s and resulted in thousands of kilometers of canals and levees, and
hundreds of water control structures (Grunwald 2006). This project supported the growth and
development of southern Florida and gave the population a stable water supply during the dry
season and flood control during the wet season (Aumen et al. 2015). But like any other time
humans decide to modify natural hydrology, the landscape alteration caused widespread negative
impacts on the south Florida ecosystem.
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2. Ecosystem Responses to Landscape Alteration
2.1. Effects of WCAs and C&SF Project
The WCAs divided what was once a free‐flowing wetland into a series of ponded
compartments that operated more like storage reservoirs than a wetland (Sklar et al. 2005). The
C&SF Project further compartmentalized the environment. This led to the loss of the ridge and
slough landscapes, tree islands, and large wading bird populations that once characterized the
Everglades. More than 50% of the original Everglades was lost to agricultural and urban
development. This change led to the deterioration of water quality, altered hydroperiods, reduced
sheetflow, negative impacts to the threatened and endangered species, and the harming of
estuaries and bays (LoSchiavo et al. 2013).
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2.2. Hydrology
The largest impact from the alteration of the Everglades hydrology was the timing,
distribution, depths, and flow of water to the freshwater marshes and estuaries (Light and Dineen
1994). It greatly reduced the input of freshwater into the marshes and estuaries, especially during
the dry season. A drier landscape led to unrepairable changes such as the oxidation of peat,
which took thousands of years to accumulate and released tons of carbon dioxide into the
atmosphere. During the wet season, huge volumes of fresh water are unnaturally discharged to
the east and west coasts instead of letting it flow south. This causes extreme stress to the
ecosystem, especially to seagrasses and benthic estuarine animals that cannot escape the
dramatic drop in salinity (Aumen et al. 2015).

The development of water control structures greatly reduced the amount of water flowing
to the southern Everglades. Historically, changes in water depth were gradual and large droughts
were rare. With the landscape alteration, large water level changes over short periods of time are
a common occurrence. Overall, the hydrology of the Everglades has been greatly altered by the
changes in sheet flow, fluctuations in water levels, and higher frequency of large drought
(DeAngelis et al. 1998).
2.2. Nutrients
The main way phosphorus (P) was acquired in the natural Everglades was by atmospheric
deposition. After the landscape alteration of the Everglades, much of the land was converted into
urban and agricultural lands that produced high-nutrient runoff. Currently, total P concentrations
in drainage canals are 10-100 times higher than they were in the natural system (Sklar et al.
2005). Not only has the P concentration risen in the water, but soil P concentrations have also
been greatly elevated near areas where urban and agricultural runoff enters the Everglades. In
some areas, surface soil P has increased three times the historical amount (Newman et al. 1997).
Due to the unnatural and rapid increase of nutrients, eutrophication has happened in a previously
oligotrophic environment. Some of the greatest indications of this is the loss of the calcareous
periphyton mats and large algal blooms.
2.3. Plants
A dramatic shift from the low‐nutrient sawgrass (Cladium jamaicense) to the
high-nutrient cattail (Typha domingensis) has occurred over the last few decades. Reasons for
this include water regulation that goes against natural patterns and the agricultural and urban
runoff that has greatly increased the P concentration in the environment (Gunderson 2001). The
increase in P weakens the sawgrass and allows for cattail to outcompete the sawgrass. When the
ecosystem faces disturbance, such as fires, droughts, or freezes, cattail displaces the sawgrass
(Hagerthey et al. 2008). It is difficult to control cattail since it thrives on the elevated P
concentrations and is adapted to the present day water patterns. Negative consequences of the
cattail intrusion include altered periphyton productivity and reduced prey availability for wading
birds (Crozier and Gawlik 2002).
Another ecologically important plant that has suffered from the landscape alteration is
tree islands. Tree islands are small topographic highs within the ridge and slough landscape that
provide critical habitat for several other plants and animals (Sklar and van der Valk 2002). Tree
islands suffer when submerged in high water levels for too long, and when the area is left dry for
too long, increasingly hotter fires burn the peat. From 1940 to 1995, some areas had a 61%
decline of tree islands due to these factors (Wu et al 2002).

2.4. Animals
The change in water patterns due to landscape alteration greatly affected the Everglade
animals that relied on its natural predictable patterns (Sklar et al. 2005). Wading birds decreased
by 90% and geographical shifted their nesting patterns (Ogden 1994). Factors such as reduced
flow to the Everglades and the creation of deep water in the WCAs contributed to these losses.
Invertebrates, such as the Florida applesnail (Pomacea paludosa) and crayfish
(Procambarus sp), were about to survive short periods of desiccation or burrowed into the soil to
find water to survive the natural droughts. These methods are not effective enough for the
prolonged droughts that now occur in the drained system, and have caused these populations to
be dramatically reduced (Kitchens et al. 1994; Acosta and Perry 2001).
The symbiotic relationships between animals have also been disturbed. Alligators
(Alligator mississippiensis) dig deep holes for their courtship and mating, and these holes often
serve as habitat for small fishes during the dry season. Current water patterns often cause sudden
water depth changes which can expose alligator nests to predators or flood them, and could leave
the fish in the refugia trapped or exposed (Mazzotti and Brandt 1994).
2.5. Farming & Soil
The landscape alteration uncovered the fertile peat-based soil and converted much of it
into agricultural lands (Sklar et al. 2005). Four thousand square kilometers of the original
Everglades have been developed into either farmland or is home to a population of more than 9
million people (as of 2019). Water tables have declined by as much as 2.7 meters since 1880 and
more than 2 meters of soil has been lost in the Everglades Agricultural Area (Davis 1943). The
loss of soil is due to the hotter and more frequent fires, physical compaction, and microbial
oxidation of the peat.
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3. Restoration Efforts
3.1. The Plan
People finally realized that they had caused too much detrimental damage to the
environment and that they had to do something different in order to stop the continual
degradation of the Everglades and the population that relied on this critical ecosystem. Hence,
the Everglades restoration plan was born. The goals of Everglades restoration are to restore the
region's hydrology and reduce nutrient enrichment as much as possible while still being able to
maintain the local population and economy (Sklar et al. 2005). The largest-scale restoration
program is the 2001 Comprehensive Everglades Restoration Program (CERP). This program was
planned to be put in pace over 30 years by the US Army Corps of Engineers and the South
Florida Water Management District. It includes 68 projects intended to improve the water
patterns in the Everglades while still achieving the original purpose of the C&SF project providing flood control and water supply to agriculture and an ever increasing south Florida
population. Despite the intentions to be completed incrementally, by 2010 only a few projects
had begun and most of those only occured at the edges of the southern Everglades. Noticing their
lack of effort, the US Army Corps of Engineers initiated an accelerated plan for the original 68
projects. These new projects focused on benefitting the ridge and slough habitat, which is
believed to be the most endangered region (Aumen et al. 2015; LoSchiavo et al. 2013).
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3.2. Will It Help?
The big question: will this restoration actually reverse the damage done? The short
answer: we don’t know. Successful Everglades restoration will ultimately be determined by
realigning society's needs with ecosystem values (Sklar et al. 2005). The re‐engineering of the
south Florida water management system cannot focus solely on ecological restoration since it
creates issues of social concern that put dollars against nature. There is always hope that the
ecosystem will recover, but with ecosystems becoming more unstable due to climate change and
societal needs always put above the natural world, it is unlikely the environment will ever return
to its pre-drainage state. Personally, I believe things will get worse before they get better, but
they will indeed get better.
4. Conclusion
The Everglades is an ecosystem unlike anywhere else in the world. As a south Floridian,
I can personally attest that the Everglades are something magical and worth saving. I grew up on
the banks of the St. Lucie River and have seen the damage the landscape alteration has done.
Everytime Lake Okeechobee discharges its water, which is artificially forced down the St. Lucie
River, the high concentration of P causes toxic algal blooms - killing hundreds of native species
and closing down the local businesses and activities that rely on the river. The summer of 2016,
the algal blooms were so bad it closed down the beaches all the way on Hutchinson Island, a
staggering 35 miles away from the source of the discharges. For a small town that relies heavily
on its water as a way to support its economy, these consequences are devastating.
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The alteration of the Everglades has hurt both the ecosystem and the human population of
South Florida. The hydrology of the Everglades has been greatly altered by the changes in sheet
flow, fluctuations in water levels, and higher frequency of large drought (DeAngelis et al. 1998).
Total P concentrations are 10-100 times higher than they were in the natural system due to the
urban and agricultural runoff (Sklar et al. 2005). Cattail has taken over the land that was once
dominated by sawgrass (Gunderson 2001). Wading birds decreased by 90% and geographical
shifted their nesting patterns (Ogden 1994). Over-farming the once fertile peat-based soil has
caused the loss of more than 2 meters of soil (Davis 1943). The CERP was created to restore the
region's hydrology and reduce nutrient enrichment as much as possible (Sklar et al. 2005), but
social issues and economic concerns have slowed down the process.
The changes made to the Everglades were necessary to develop the land into the thriving
urban area it is today, but these changes came with many unforeseeable and negative
consequences. Scientific literature says the alteration has caused major harm, and an effort has
been made to restore some natural patterns, but it's not enough. We need the people to push aside
the economical and social concerns and demand change. Because the current state of the
Everglades is hurting Florida’s economy. It’s damaging and degrading the Floridian culture. We
need a healthy Everglades system in order to environmentally, economically, and socially thrive.
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